This paper investigates periodic boundary value problems for a class of secondorder nonlinear impulsive integro-differential equations of mixed type in a Banach space. By establishing a comparison result, criteria on the existence of maximal and minimal solutions are obtained. ᮊ 1997 Academic Press
INTRODUCTION
Impulsive differential and integro-differential equations in Banach w x spaces have been studied in recent years 2, 4, 5 . The monotone iterative w x technique is employed successfully in 4 in proving the existence of solutions of an initial value problem for first-order impulsive differential w x equations. This technique and some fixed-point theory are used in 2 to investigate the extremal solutions of first-order nonlinear impulsive integro-differential equations, where it is assumed, among other things, that the right-hand side of the equation is monotonically increasing with respect to the integral terms. However, this restriction has been removed w x quite recently in 5 .
In this paper, we investigate the periodic boundary value problem Ž . PBVP for a class of second-order nonlinear impulsive integro-differential Ž .
Ž . Ž . Ž . Ž . w x w x where f g C J = E = E = E, E , J s 0, 2 , 0 -t -иии -t -иии - Ž .
P C tgJ
1 w x For x g PC J, E , by virtue of the mean value theorem,
it is easy to see that the left derivative x t exists and Ä 4
In Section 2, we establish a comparison result, and then we state and prove the main theorem in Section 3. Finally, Section 4 offers an example in infinite dimensional space.
COMPARISON RESULT
Let E be partially ordered by a cone P of E, i.e., x F y if and only if y y x g P. P is said to be normal if there exists a positive constant N such 5 5 5 5 that F x F y implies x F N y , and P is said to be regular if x F x 1 2 5 5 F иии F x F иии F y implies x y x ª 0 as n ª ϱ for some x g E. It n n Ž w x is well known that the regularity of P implies the normality of P see 1 , 
We now prove
Ž . Ž . 
We now show that there exists t g J such that
Ž . we see that u t is strictly increasing on J, which contradicts u 0 s u 2 .
Ž . Hence 9 holds. Let t g J for some i. We have
.
Ž . which implies, by adding together and observing 9 , that
We now show that
Ž . Ž . and so, similar to 11 and 12 , we get
It is clear that 13 follows from 12 , 14 and the fact that u 0 G u 2 .
Ž .
jq1 0 Ž . and, by adding together and observing u t# s y,
Ž . Ž . Ž .
Ž . Ž . so, similar to 16 and 17 , we can get
Ž . It follows from 18 , 19 and u 0 s 2 2 that
Ž . Hence 6 holds. Since g g P is arbitrary, 6 implies that p t F for t g J. The proof is complete. Ž .
E is a solution of the linear impulsi¨e integral equation
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1 w x then Eq. 20 has a unique solution x in PC J, E . 
Proof. Define operator F by
and so,
Ž . Similarly, from 28 and 31 , we get
Ž . It follows from 32 and 33 that
Ž . where ␥ s max ␥ , ␥ -1 because of 25 and 26 . Consequently, the 1 2 Banach fixed point theorem implies that F has a unique fixed point x in 1 w x PC J, E , and the lemma is proved. Ž . 
Ž . Proof. Setting x to be the unique solution of Eq. 20 and y s in Ž . 34 , we get
P C P C
Ž . Ž . On the other hand, letting x s in 27 and 28 , it is easy to see from Ž .
Ž . 30 and 31 that Ž .
Ž . Ž . Finally, 35 follows from 37 and 38 .
MAIN THEOREM
We shall prove our main theorem in this section. For convenience, let us list the following conditions.
Ž .
1 w Ž . 
Ž . which implies by virtue of Lemma 1 that p t F for t g J, i.e., u F Au . 
Ž . Ž . So, Lemma 1 implies that p t F for t g J, i.e., A F A , and b is 1 2 proved. 0, 1, 2, . . . , and ␣ denotes the Kuratowski measure of noncompactness w x in E. Hence V is compact in PC J, E , and so there is a subsequence of Ä 4 w x Ä 4 u , which converges uniformly on t g J to some x g PC J, E . Since u n n Ä 4 is nondecreasing and P is normal, the entire sequence u converges n uniformly on J to x, i.e., 
w x w x which implies by virtue of Lemma 2 that x g PC J, E l C J, E and x Ž . is a solution of PBVP 1 . x s x, . . . , x , . . . , y s y , . . . , y , . . . , z s z , . . . , z , . . . , and f s 
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Consequently, H is satisfied for M s 1r100 , N s 1r1000 , and 2 N s 2r2250 3 . It is clear that k s h s 1, and it is easy to verify that 1 00
Ž . Ž . Ž . inequalities 4 , 25 , and 26 are satisfied. Hence our conclusion follows from Theorem 1.
